We have investigated tunneling interlayer exchange coupling (TIEC) between ferrimagnetic 
.
The tunneling interlayer exchange coupling (TIEC) across an insulating nonmagnetic spacer, therefore, has also attracted renewed attention recently. This phenomenon is instrumental in the context of various spintronic effects based on MTJs or all metal giant magnetoresistance (GMR) heterostructures 6, 7 . Recently, a strong antiferromagnetic (AF) coupling in a fully epitaxial Fe/MgO/Fe trilayer structure has been observed by several groups 8, 9 . Various theoretical models have been proposed to explain the origin of TIEC.
Some of these models explain the AF TIEC as the result of impurities The TIEC between ferrimagnetic films is much less investigated and understood, despite the scientific interest and its potential technological importance.
In this Letter, we report the results for TIEC between Fe 3 O 4 ferrimagnets. Since, the best, in terms of TMR tunneling barrier for this material is yet to be discovered, we consider here the case of Fe 3 O 4 /vac/Fe 3 O 4 MTJ. We employ density functional theory (DFT) to describe this hetero-structure as it is well established that local-spin-density-approximation To determine the sign and strength of TIEC, we calculated from first principles the total energy difference between parallel (E P ) and antiparallel (E AP ) magnetization configurations given generally by
where the first terms is for band energy expressed through the density of states for spin up and down (N ↓ ( )); second for so-called double counting and third for electrostatic energy. This total energy difference can be mapped onto the Heisenberg model where the energy is determined as
where θ is the angle between the magnetization directions of two adjacent , we find non-monotonic dependence of TIEC on spacer thickness moreover we find that TIEC changes sign. In earlier layers changes from antiparallel to parallel configuration, the total DOS of oxygen shifts to the high energy state which means a strong AF TIEC. One can also see that, for the case of 0.42 nm thick vacuum spacer, the state of oxygen atoms for the parallel configuration is quite different from that for the antiparallel configuration and the shift between the two magnetization configurations is larger than that for 0.84 nm thick vacuum. According to the Eq. 1 term 1, the large shift of the DOS to lower energy would mean larger total energy difference and correspondingly stronger TIEC. We can also see from The TIEC can be discussed on the basis of the quantum interference theory
20
. It is well-known that the quantum interference is spin-dependent and the reflection coefficient at the interface depends on the direction of the electron spin with respect to the magnetization direction. For the positively polarized magnetization, the TIEC is of FM nature.
In contrast, for negative induced magnetization, the reflection coefficient at the interface has been modified and further causes the TIEC sign change. Our results show that the interface oxygen has a high polarizability and a strong non-local effect, especially a strong effect on TIEC. These findings emphasize importance of the strong chemical bonding between interface oxygen and Fe atoms, the characteristic of the system which is not expected to be described within commonly used for modeling TIEC free electron model 
